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Background
• What if NASA had an entry probe designed and available for a 
mission to select solar system destinations?
--- Venus, Jupiter, Saturn, Uranus, and Neptune ---
• Study Objective: Determine what a common entry vehicle 
would look like
– How much instrumentation could be accommodated?
– Does a common concept of operations exist?
– How big would the drag device have to be?
– How much Thermal Protection System (TPS) mass is needed?
This presentation summarizes the simulation model assumptions and results.
Ground Rules and Assumptions 
• Leverage past mission heritage where applicable
• Assume the maximum vehicle mass is 400 kg
• Use entry states provided by ⎼ Jet Propulsion Laboratory ⎼ Goddard Space Flight Center
• Trajectories 
– Terminate at 20 bars or the surface at Venus
– Consider shallow (50 to 70 G) and steep (150 to 200 G) cases
– Target flight times of approximately two hours for communications to 
relay data
– Assume no mass loss due to ablation
Vehicle and Mass Properties
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Planet Instruments Descent probe Backshell Decelerator System Heat-shield
Venus 30 108 20 20 222
Jupiter 31 73 20 20 256
Saturn 31 73 20 20 256
Uranus 34 73 20 20 253
Venus 34 73 20 20 253
Entry Vehicle
Mass Properties (kg) 
0.75 m
1.5 m
1.1 m
Concept of Operations
Entry Deploy 1st Parachute
Mortar; Conical Ribbon Parachute; 1 m diameter 
Mach = 0.8 
Backshell Separation, Deploy 2nd Parachute
2 s later
Pulls out second X m chute sized for time of flight 
End of Mission
Heatshield Separation
5 s later
Main Parachute Separates
180 deg C 
Main Parachute Full Inflation
5 s later
Jupiter, Saturn, Uranus, Neptune – 20 bar
Venus – 95 bar (surface)
Jupiter, 
Neptune,
Saturn, 
Uranus –
~2 hr
Venus –
~1 hr
Flexible Con Ops
Models
Entry Aerodynamics
• Mars Microprobe aerodynamic 
database [Ref 1]
• Developed for Mars but 
populated with ground based 
wind tunnel data in air
• Axial force coefficient scaled by 
the ratio of stagnation pressure 
coefficients
Parachute
• Type: Conical Ribbon
• Subsonic drag coefficient: 0.5
• Used for previous missions
Descent  Vehicle
• Sphere with drag ring
• Diameter: 0.75 m (no drag ring)
• Subsonic drag coefficient: 0.5
• Subsonic drag area: 0.221 m2
Planet Main Parachute Diam.
Venus 5 m
Jupiter 7 m
Saturn 2 m 
Uranus 2 m
Neptune 4 m Ref 1. Mitcheltree et al. JSR May 1999
Sutton Graves 
Constant
1.89x10-4
0.6556e-4
0.6356e-4
0.6645e-4
0.6719e-4
Aerothermodynamics
• Sutton Graves stagnation 
heating constant (kg1/2/m)
Models
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• Atmosphere
– Venus: Venus-GRAM; Venus International Reference Atmosphere based on 
Pioneer Venus and Venera mission data
– Jupiter: Seiff Model based on Galileo data
– Saturn: Moses Model, Space Science Institute based on Cassini data
– Uranus: Gary Allen, Ames Research Center
– Neptune: Neptune-GRAM based on Voyager 2 data
Results
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Zero altitude is 1 bar for 
gas giants.
Summary
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• Concept of operations offers flexibility in order of operations 
• Possible to qualify a 2 m and 7 m chute and use intermediate sizes
• Different destinations require different amounts of TPS 
• Maintaining similar deceleration loads allows for common structure 
design
Formal report due to NASA Science Mission Directorate summer 2018.
